Context: Sickle cell disease is a group of hemoglobin (Hb) disorders resulting from the inheritance of the sickle β-globin gene. It is the most common pathological Hb mutation worldwide with 75% being born in Sub-Saharan Africa. Aims: This study aims to determine if dried blood spots (DBSs) can be used for diagnosis of sickle cell in newborns. In Zambia, there is no neonatal screening program for sickle cell anemia (SCA), yet it has been proved that early diagnosis by newborn screening (NBS) using DBSs and access to comprehensive care results in survival to adulthood of over 96% of sickle cell patients. Settings and Design: A cross-sectional study was carried out at the University Teaching Hospital to determine whether DBSs can be used to diagnose sickle cell using Hb electrophoresis. Subjects and Methods: Results from DBSs stored for 2 weeks were then compared to those obtained using freshly collected whole blood. Statistical Analysis Used: To evaluate performance characteristics, the following values were used: true positive, false positive, true negative, and false negative. Results: Ninety-seven participants were included in this study. DBSs had a sensitivity of 100%, a specificity of 94.7%, positive predictive value of 96.7%, negative predictive value of 100%, overall efficiency of 97.9%, and a Kappa r 2 , P < 0.0001 in comparison to fresh whole blood which we used as the gold standard. Conclusions: The use of DBSs can be recommended for NBS of SCA in Zambia due to its high sensitivity, specificity, and stability of hemoglobin.
Introduction
Sickle cell disease is a group of hemoglobin (Hb) disorders resulting from the inheritance of the sickle β-globin gene. Sickle Hbs is the most common pathological Hb mutation worldwide. [1] It is estimated that the global number of neonates affected by sickle cell anemia (SCA) in 2010 was 312 000 [2] with 75% being born in Sub-Saharan Africa. [3] Mortality in SCA historically has been extremely high, with death often occurring before a diagnosis is made. [4, 5] In high-income countries, early diagnosis by newborn screening (NBS) and access to comprehensive care have resulted in survival to adulthood of over 95%. [6] Implementation of NBS and early preventive care also has led to improved SCA survival in resource-limited settings, as demonstrated in Jamaica. [7] Neonatal screening of SCA enables early diagnosis thereby improving overall mortality rates [8] and reducing complications by undertaking prompt management including administration of prophylactic antibiotic treatment and immunization with pneumococcal vaccines. [9] It also underlines the importance of parental education and comprehensive sickle cell disease care in improving clinical outcome. [9] It has been revealed that majority of parents have low levels of knowledge on SCA and this influences their understanding of the disease and negatively affects the way they care for the affected child and increases the burden of care. [10] NBS and treatment program have also been found to be highly cost-effective across all scenarios for Angola by the WHO criteria. [11] Zambia and Angola are neighbors, so implementing the program in a resource-limited setting like Zambia can be of great benefit to both the patients and the government.
Zambia is one of the countries in Sub-Saharan Africa, and despite having a high burden of sickle cell, there is no neonatal screening program for SCA. It is also a resource-limited country with most health centres in rural areas not equipped with instruments to screen for SCA. It is for this reason that we decided to test the efficacy of dry blood spots (DBSs) in the diagnosis of SCA using Hb electrophoresis as this can facilitate the easy transportation of the DBS cards to far-off hospitals in the cities where the screening can be carried out. This will improve the level of care and awareness of the disease by healthcare providers and parents and ultimately improve the levels of care and reduce mortality in Zambians living with SCA.
In comparison to conventional blood testing, DBS offers practical, clinical, and financial advantages. [12] It has been shown that drying the blood spot on blotting paper damages the capsid of viruses (HIV, cytomegalovirus, hepatitis C virus, human T-lymphotropic virus). [13] This makes DBS specimens less infectious and can be shipped by mail or other courier with no reasonable expectations of occupational exposure to blood or other potentially infectious materials.
Subjects and Methods
This cross-sectional study was carried out between November 2014 and April 2015 at the University Teaching Hospital in Lusaka, the capital city of Zambia. The study included infants from the sickle cell clinic and those without sickle cell from other wards at the University Teaching Hospital (n = 97). After obtaining informed consent from the parents, whole blood samples of at least 2 ml were collected in ethylenediaminetetraacetic acid (EDTA) containers, and at the same time, DBSs were made. Blood from EDTA containers was immediately analyzed for sickle cell using Hb electrophoresis, and DBSs were allowed to dry for a minimum of 3 h before storage at 18°C-25°C. The DBSs were stored in paper bags with desiccant to prevent moisture which can facilitate deterioration of Hb. Both EDTA blood and DBSs were analyzed for sickle cell using gel Hb electrophoresis on the Helena SAS-1 plus and Helena SAS-2 Auto-stainer.
Commercial AFSC/A2 controls were run together with patients' samples and used as a standard for analyzing the gels. Samples containing Hbs A, F, and S were also used as controls.
The University of Zambia Biomedical Research Ethics Committee (UNZABREC) IRB00001131 of IORG0000774 approved the study protocol; assurance No. FWA00000338. Written informed consent was obtained from all study participants.
Statistical analysis
To evaluate performance characteristics, the following values were used: true positive (TP), false positive (FP), true negative (TN), and false negative (FN). A TP is when the test is positive by the gold standard (whole blood electrophoresis) but negative for DBS. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and efficiency (E) were calculated. In addition, agreement of EDTA blood samples and DBS sample results for detecting Hb A and S was assessed using Cohen's Kappa statistic for agreement. All statistical tests were performed at the 5% significance level, and differences were considered significant if two tailed P < 0.05 for all tests applied.
Results
The study included a total of 97 participants. Of the 97 samples analyzed from EDTA containers and DBS, only 2 false results were observed for which positive sample in EDTA turned out negative in DBS analysis [ Table 1 ]. DBS results after 2 weeks storage had a sensitivity and NPV of 100%, a Kappa r 2 0f 0.956, P < 0.0001 [ Table 2 ].
Discussion
Venous blood is the gold standard method for blood collection for the screening of SCA in Zambia using Hb electrophoresis. However, this method is not ideal for the collection of blood in neonates, especially for the screening of disorders such as sickle cell hence the need to employ DBSs. The concept that capillary whole blood, obtained by heel or finger prick and blotted onto a filter paper, could be used to screen for metabolic disease in large populations of neonates was introduced in Scotland by Guthrie and Susie in 1963. [14] Since then, DBS samples from neonates have been collected routinely in many countries to screen for many disorders including sickle cell. [15] In this study as demonstrated in Table 2 , DBS results after two weeks storage had a sensitivity of 100%, a specificity of 94.7%, PPV of 96.7%, NPV of 100%, overall efficiency of 97.9% and a Kappa r 2 of 0.956, P < 0.0001. This study agrees with that by Kerti et al. who determined Hb levels in sheep. They found that after 10 days storage of DBS, the elution required more time to get the same Hb results as whole blood. [16] This probably meant that Hb oxidation had begun; thus, greater quantities of Hb were required for detection of similar values to that of whole blood. The sensitivity of a clinical test refers to the ability of the test to correctly identify those patients with the disease.
[17] Our results revealed a sensitivity of 100% demonstrating that the use of DBS for neonatal screening of sickle cell correctly identified all patients with sickle cell disease (TPs). On the other hand, the specificity of a clinical test refers to the ability of the test to correctly identify those patients without the disease. [17] The specificity for our study was 94.7%, which demonstrated that it correctly reported 94.7% of patients without sickle cell as TNs, but 5.3% patients without the disease were incorrectly reported as positive for sickle cell. It is an ideal but unrealistic situation to have a test whose accuracy is absolute. [17] Therefore, the use of DBS according to our study may lead to 5.3% of patients who do not have sickle cell being told of the possibility that they have it. This may imply that all those who are detected as positive for sickle cell may have to undergo further investigations to confirm that they actually have it. The 100% sensitivity makes the implementation of DBS for neonatal screening of sickle cell using gel electrophoresis ideal because no neonate with sickle cell can hypothetically be missed and none without sickle cell can be wrongly diagnosed to have it.
The PPV and the NPV of our study support the sensitivity and specificity discussed above. According to our study, it would be 96.7% likely that one has SCA when the test is positive and 100% likely that one does not have SCA when the test result is negative. This supports the theory that all those who are detected as positive may have to undergo additional investigations to confirm that they have SCA before further medical considerations.
Conclusions
Our findings support the recommendation of DBSs for NBS of SCA in Zambia.
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